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2.1 Interference Analysis Process

Figure 1 illustrates the general method to be employed in making a technically valid estimate
of interference between an MSS subscriber unit and an aviation GLONASS receiver. The method
takes into account the stochastic nature of the interference event - a key parameter when the
interfering transmitter and victim receiver are in relative motion with respect to each other.
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Figure 1 Interference Analysis Process Diagram

2.1.1 Aircraft System Considerations

The first step in the process is to establish a valid criteria for harmful interference. This criteria
must include provisions for the manner in which GLONASS data are used by the particular
aircraft navigation equipment. In allmodem commercial passenger-transport aircraft, navigation
data is a composite function, derived from a number of sensors such as the Inertial Navigation
System (INS), the Global Positioning System (GPS), Differential GPS (DGPS), the Very high
frequency Omni Range (VOR), the Instrument Landing System (ILS), radar and barometric
altimeters, etc. GLONASS simply becomes an input to the composite, a contributor to overall
system reliability as a redundant input signal
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2.1.2 Propagation Path Considerations

66:90 1'6/06190

An optimum selection of navigation sensor inputs is made by the aircraft flight data computer
as a function of the phase of flight in process. Redundant operational modes are provided in the
event of a failure or interruption of input sensor data. A simple example is the banking of an
aircraft during turns. Airframe shadowing can temporarily interrupt or degrade the reception
of radio and satellite signals. Navigation guidance is provided by the INS or autopilot system
during turns; the flight data computer simply ignores radio and satellite sources that may be
false during such maneuvers.

1he failure or interruption of a single navigation sensor wiH not prevent an aircraft from
accomplishing its intended maneuver. During landing phases the ILS, the OCPS, the INS or
autopilot, and the pilot are available for aircraft guidance; quadruple redundancy exists. Even
light aircraft incorporate redundant systems for navigation.

GLONASS is a member of the sensor team for redundancy pwposes - not as a sole means of
navigation. 1n fact there is doubt that GLONASS will be employed during landing maneuvers.
No public data has yet been released by Russia on the development of a high accuracy
Differential GLONASS system or the use of wide band GLONASS-M signalS! for precision
guidance during landings.

Harmful interference criteria. for aviation navigation purposes. must be based on overall aircraft
s.ystem reqpirements. not simply the characteristics of a single navigation senSQr.

The propagation path geometry and. airframe shadowing between a subscriber transmitter and
a GLONASS receiver on-board an aircraft must be taken into account. Two cases may be
considered as follows:

a. An aircraft on a fmal approach path passing over an MSS transmitter. ARINC
recommends a minimum distance of 100 meters be considered between the MSS
transmitter and the GLONASS antenna..

b. An aircraft maneuvering to land wherein the GLONASS antenna is temporarily aligned
(aircraft banking) to form a direct line-of-sight path with a subscriber transmitter. A
minimum distance of 2000 meters is recommended between the two elements of the
system.

An excellent analysis of item (a) is contained in Attachment 1 of the "Technical Appendix to
Comments of Loral/Qualcomm Partnership, L. P, Volume I of fi" (May 5, 1994). For the
cOl'Iditions stated therein (no airframe shadowing and a 75 mph approach speed) the analysis
clearly shows that the time duration of exposure to an aircraft landing is less than 7 seconds.
Given a realistic 15 to 30 dB allowance for airframe shadowing and a typical jet approach speed
of 120 knots, the period of exposure is reduced to about 4 seconds and the interference power
is reduced below the interference limit of the GLONASS receiver (see Table J).

Item (b) is a worst case of an aircraft twning on a base leg or a final approach leg. This scenario
is also modeled in Table I.

Transient conditiansmust be viewed in tenus of the TOTAL aircraft navigation system to
determine whether or not harmful interference exists.

LOO~
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Figure 2 Recommended Spectral Mask
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The Radio Technical Commission for Aeronautics (RTCA) has provided specifications for the
maximum amount of interference tolerable by GLONASS. Recent wording of these specifications
suggest a 16 dB jamming margin allowance above the lowest GLONASS signal being tracked
(-161 dBW) for in-band CWo The corresponding margin for in-band noise jamming is 21 dB
above the lowest signal being tracked. From these data it can be assumed that a total jammer
power of -14SdBW is tolerable for CW and -140 dBW for noise.

Table I considers a N&hly simplified worst case anaJ)'sis of an MSS COMA subscnber unit close
to an aircraft on final approach and an aircraft banking. Table I shpws that an MSS subscnber
unit (pf the COMA t)'pe) will not interfere with GLONASS in either the 100 meter near-jn case
or the 2000 meter ajr<;raft maneuvering case. U a second MSS subscriber unit were to located
dose to the first, both would have to transmit and have voice present at the Hme time to
increase the interference· a highly unlikely event. This analysis assumes the following out-of­
band power spectral density mask is used by the COMA system and that the GLONASS
operates in an antipodal manner.
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Table I Calculated. Mobile CDMA Sub.criber Unit to Aircraft GLONASS Ileceiver

PARAMETER UNITS AlC AlC NOTE
Overhead Turning

Freq Offset from Band Edge KHz 1.25 1.25 1

Subscriber Transmit Power dBW 4.0 4.0 2

Subscnber Power Spectral Density dBW/3KHz -626 ~2.6 3

PSD Bandwidth Factor for 3 KHz dB -34.8 -34.8

Subscnber Power Spectral Density dBW/Hz -97.4 -97.4

Subscriber Antenna Gain dB 0.0 0.0 4

Subscriber Duty Cycle dB 0.0 0.0 5

GLONASS Bandwidth dB 56.9 56.9 6

Subscriber Power in GWNASS BW dBW -42.4 -42.4

Receiver Out-of-Band Attenuation dB -46.4 -46.4 7

Subscn'ber Range to GLONASS Ant m 100.0 2000.0

Path Loss dB -76.6 -102.6 8

Estimated Shielding Loss (aircraft) dB -30.0 0.0 9

Total Losses dB -106.6 -102.6

Subscnber Power at GLONASS Ant dBW -149.0 -145.0

Allowed In~d Interference dBW -140.0 -140.0 10

Theoritical In-band Margin dB 9.0 5.0

Notes: 1. Separation from GLONASS channel center to lower edge of MSS allocarted band at
1610.0 MHz. Corresponds to GLONASS channel 12. (see figure 2)

2. Subscriber unit uplink earth-te-space transmission power.
3. The recommended out-of-band PSD limit is -60 dBW13KHz below 1.25 MHz and -70

dBW13KHz above 1.25 MHz. and average value of -62.6 dBW13KHz incorporated.
4. Zenith gain = 4.0 dB, horizon gain =0.0 dB.
5. CDMA transmit duty cycle =' 100% (worst case) due to pilot carrier
6. Receiver 490 KHz bandwidth (3 db points) of GLONASS narrowband IF filter before

spread-spectrum correlator
7. As specified in RTCA paper no. 518-91/SC159-317
8. Path loss ... 10 logu) (A/4JtR)l
9. Estimate of lower hemisphere Ale shadowing and antenna sidelobe loss (30 dB)
10. RTCA paperno. 518-91/SC159-317 and ARINC-743A-l specification; allowed in-band

interference for the "Alternate Configuration"
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Table 2 shows the results of laboratory tests using a properly designed GLONASS receiver (35
Model R-I00 identifed). This test data confiJD\s that a properly designed GLONASS receiver will
meet the criteria defined in Table I.

To achieve the desired level of performance, a GLONASS receiver must incorporate an effective
IF bandwidth of 490 KHz and an out-of-band attenuation of 44 dB at 1.0 MHz and 55 dB at 1.5
MHz from the GLONASS channel center. The COMA transmitter must conform to the following
recommended out-of-band power spectral density limits below 1610.0 MHz:

Freq)Iency
1610.0 to 1609.875 MHz
1609.875 to 1608.75 MHz
below 1608.75 MHz

rps Limit
-45 dBW13KHz
-60 dBW13KHz
-70 dBW13KHz

The link. budgets of Tables I and II both show that the GLONASS receiver will continue to
operate in the presence of the specified MSS emissions. Although the measured interfererK:e
margin for GLONASS channe112 is quite small, the margin lmproves to better than 7 dB at
channels 11 and lower.

Table II Measured Mobile CDMA Subscriber Unit to Aircraft GLONASS Receiver

PARAMETER UNITS AlC AlC NOTE
Overhead Tuming

R-100 Receiver ht-band Test dBW -167.0 -167.0 1

Allowed In-band Interference!signal dB 26.0 26.0 2

Allowed In-band Interference dBW -141.0 -141.0 3

R-1OO In-band Interference Margin dB 0.0 0.0

Notes: 1. Power of simulated GWNASS signal acquired and tracked during testing of the 35
Navigation R-l00 receiver configured to the ARINC-743A "Alternate Configuration"

2. Maximum. in-band interference signal at which the R-1OO receiver was observed to
acquire and track a GLONASS signal of·167 dBW

3. Maximum. in-band interference level at which the R-lOO receiver was observed. to
acquire and track the -167 dBW GLONASS signal

2.2.1 Other Interference Mitigation Considerations

2.2.1.1 Interference Channel Combinations

The probability of interfeTence on a "channels in use" basis must be considered for the
GL<?NASS receiver as well as an MSS transmitter. That is, a GLONASS receiver need only
receive 4 channels of the 12 channels available to perform its function (3 with barometric assist).

7
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2.2.1.3 Duty Cycle Considerations
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For purposes of illustration, assume that GLONASS is operating in an antipodal mode with 12
channels distnbuted over the band 1602.15 - 1609.26 MHz. Of these channels, a simple
GLONASS receiver normally selects the best 4 of 6 satellite channels for position computation.
A quality GLONASS receiver would select the best 4 of 8 channels. If one channel were to
become degraded, the receiver reselects from the remaining channels. It is neces!J8tY to degrade
all but 3 of the usable GLQNASS receiver cbanne1B before ao.y si(niflcant impact will be jpt1jcted
on a GLONASS pOsition solution.

Assuming that a COMA MSS system is operating on the lowest channel in the band 1610.0 ­
1621.35 MHz, and that out-of-band power from the CDMA channel overlaps the top four
GLONASS channels, for a random distribution of both the GLONASS and MSS channels:

a. The probability of the highest four frequency GLONASS channels being simultaneously
active is 1 in. 495, or 0.002

b. The probability of the lowest frequency CDMA channel impacting one of the active
GLONASS channels is 1 in 3960, or 0.00025.

2.1.1.2 Spectral Power Overlap

While this example is purely hypothetical, interference with a siQ&1e GLONASS channel is not
suftkient to (ayeharmful interference. The probability of out-of-band MSS radiation adversely
impactini three or more GLONASS channels is indeed remote.

The channel out-of-band structure of the subscriber transmitter and the GLONASS receiver must
be analyzed for each individual MSS system to derive spectral overlap power. The overlap
power is spread over the channel bandwidth of the GLONASS receiver and integrated for 20 ms
before being declared a 1 or a 0 by the receiver message processor.

Both the ma~tudeof the overlap power and the time duration of the interference event must
be considered in detertnining whether a GLONASS channel will be adversely affected.

The probability of MSS interference will be further reduced by duty cycle considerations. Many
MSS systems will operate in a burst mode, where average power is more important than peak
power. MSS systems can range from a 10% duty cycle to as much as 100% (for short periods).

Another duty cycle factor to consider is that voice communications are not continuous. Many
MSS systems reduce transmitter power during breaks in conversations ~ to conserve battery
power. A typical figure for voice duty cycle is 60% on time, 40% off time.

In general, MSS systems will reduce transmitter power to the tnirlimum level required to
maintain their specified bit error rate. Depending upon the MSS system, transmitter power can
be reduced 10 to 15 dB below peak when unobstructed viewing conditions exist. Various
statistical estimates have shown that, on the average, only 33% of a subscriber community
requires full power to achieve the desired communications bit error rate. The retnaining 66% of
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the community will operate at substantially reduced values of transmitter power.

Day-night conditions impact the number of subscribers serviced. Global estimates have shown
that the number of night hour subscribers is typically 50% of the day load.

pAch of the preceding factors is a valid parameter that must be considered in determining the
affect pf MSS duty cycle on jnterference.

2.3 Motorola GLONASS Compatibility Study Program

The criteria for evaluating MSS interference on a GLONASS radionavigation receiver must take
into account: (1) the physical geometry - where interference can take place, (2) the effective
strength of the interfering signal, (3) the frequency of the interfering event, and (4) the ultimate
aircraft system use ofthe GLONASS position measurement. In addition certain of the conditions
for interference assessment are probabilistic in nature. A meaningful analysis must treat aU of
the conditions noted in this paper.

2.3.1 Motorola Iridium-CLONASS Compatibility Studies

Motorola has been in the process of performing a detailed analysis of Iridium. compatibility with
GLONASS. Phase I of the study was devoted to modeling an idealized Iridium. system and
GLONASS receiver in the scenarios described. by paragraph 2.1.2 of this paper. This phase was
completed in July 1993 with the result that a small guard band (approximately 0.5 MHz) could
provide the needed protection between the Iridium system and GWNASS operation.

Phase II of the study involved hardware testing of an Iridium subscriber unit and a
representative COMA subscriber unit operating in conjunction with a GLONASS receiver. This
phase confirmed the basic Phase 1Iriclium-GLONASS results but suggested a wider guard band
(approximately 1.5 MHz betweenband edges) be allowed between the lowest frequency Iridium
channel and the highest frequency GLONASS channeL With the relocation of GLONASS to
frequencies lower than 1610.0 MHz there will be no Jridium,:GLQNASS jnterference.

Phase II also con.firm.ed that a GLONASS aviation receiver can operate in the presence of out-of­
band emissions from a COMA type subscn'beI unit. The primary effect of a COMA transmission
is to raise the noise floor of the GLONASS receiver. The actual need for a guard band between
the COMA system and GLONASS is subject to further analysis. Depending upon (a) aircraft
system vulnerability, (b) interference statistics, (c) CDMA output filteringcharacteristk:s (out-of­
band power control), and (d) the manner in which a GLONASS receiver processes COMA
interference, a guard band may not be needed.

9
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2.3.2 GLONASS Receiver Design Considerations

The GLONASS receiver must be properly designed to prevent interfering signals from entering
its AGe circuitry. An appropriate GLONASS bandpass front end filter and a narrowband IF
filter must be incorpOTated in the design of the receiver to reduce susceptibility to interference.
TIrls requirement is not unusual; military and aviation receiver systems commonly employ such
filters to prevent extraneous radiation from degrading receiver performance.

3. CONCLUSIONS

The analysis of interference between an MSS subscriber unit and an aircraft GLONASS receiver
requires that consideration be given· to all of the parameters that affect the vulnerability of the
GLONASS system. The analysis must include:

a. A definition of interference vulnerability for the particular aircraft GWNASS system;
b. An estimate of effective spectral power flux density based on:

- Spectral power £lux density present at a GLONASS antenna
- Allowance for MSS dUly cycle, power control, and voice activity factor

c. An estimate of the likelihood of an interference event. As a minimwn this estimate
should include:

- Propagation path geometry and time duration of exposure
- Frequency of aircraft arrivals/departures
- Probability of an undesirable MSS-GWNASS channel set selection
- Probability of interfering with all but three GLONASS channels
- Probability allowance for voice factor
- Probability allowance for MSS power control
- Probability allowance for day-night subscriber population
- Probability of two or more simultaneous MSS transmissions

A final determination of harmful interference is comprised of items b and c equated a~AiIl§t

Intern. vulnerability as defined. in statement a. Preliminarycalculationsby Motorola suggest that
MSS subscriber interference with an aircraft GWNASS receiver is highly unlikely, so long as the
receiver is properly designed and the MSS subscriber unit includes sufficient bandpass filtering
in its output to attenuate unwanted out-of-band radiation.
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TO: PROSPECTIVE OFFDORS

SUBJECT: Reque.t tor PropoaalCRFP) Number DTFA01-i4-R.­
2~474 - wide Area Augmentaeion System (WAAS)

You are ~nvi~.d to .ubmit a propo.al to the rederal
Avia~ion Admini.~rat1on (FAA) fer the develepment of
~he WAAS. The WAAS 18 • safety critical syatem
conailting of the equipment and 8cftware which augments
the Department of Oefense provided Global poaition1ng
Sy.eem Stan4ara Positioning Service. The objectives of
the WAAS are to provide for improved int~grity,

aceuraey, and availab11ity to .atisfy the Required
NaVigation Performance (RNP) for sole-mean. operation
for oceanic en route through preci.ion approach.

The FAA is embarking on an aggr••aive sehedule to
acquire ancl implement the WAAS. The initial WAAS,
anticipated to consise ot 2Q ground reference stations
plul ter~e.trial and ••tellite communications .yetema,
is .eh.dul.~ for delivery by mid-1S97.

The GQvernmane r ••erv.. the right ~o .war~ a ecntrac~

ba.ed on initial proposal., without di.=u.sion. cr
negotiations. Therefore, it is critical tha~ propo.als
are fully respon.ive. In a44it1on, we strongly
recommend thae offerer. .ubmit prQPo••ls ~hat

accurately aub8tantiate what co.ts would moae. likely be
incurred utilizing your propo••d technical and
managemene approach.

Pursuant to FAR. '.5, "Orvauiz&,:icnal Confl.icta of
Ine.r••~,· ofteror. may requ••t an i~ieial

Organizational Conflict af Intereat aetermination prior
to submieting propoaal•.



The WAAS R'P has been eleetronically replicated in
Farallon'. Replica fer Win~ows version 1.01 &n~ is
being provided on four (4) J. 5" cU.skettlll. The
inseruceicns for installing eh. RFP on your hard disk
are provided in At:achmen~ A. Standard Form (S,) 33.
"Solic:it.aeion, Offer and Award", and oeher forms not
ava11able on computer meaium are provided in
Attac:hmenes B th:ough F.

To be eQn.id.~ed responsive, your propo••l must be
marked valid for at. least 365 day. from the date of
submittal. Volume I - Technical Propo••l ~U8t ~e
received by ~h. FAA no later than 2:00 p.m., e.B.t.,
S.p~.m.b.r "'I, 1994. Volume II • IV Iftuse received ftQ

laear than 2:00 p.m., •.•. t., September 21, 1994. All
proposal. ahoulQ be f=rwarded to the followiftg addre88:

Federal Aviation Admini.tration
800 Independence Avenue, S.W.
W••hin~on. D.C. 20511
Attention: Sarah F. Seote, ASC-340

or Rita MeNair, ASO·340

In addi~1QD, a copy 0: your propo.al and a copy ot the
RFP should De submitted to your eo;n1~ant Defena.
Cont.ract Au~it Agency. see Section L lor in.truc~ion•.

The Contracting Officer is the sin~l. poin~ of coneact
tor any anu all ecmmunication beeween ehe Government
and industry.

arah F. scoe.e
Cont.racting Officer

Attaohmenes
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